Two previous studies (1969-1971 and 1969-1974) examined the association between cancer incidence and chrysotile asbestos ingested through drinking water in the San Francisco-Oakland Standard Metropolitan Statistical Area (SMSA). Population density, an important covariable in the association between cancer and environmental agents, was not included in the analyses of these studies. The present work determines the effect of this covariable on the results of the second San Francisco-Oakland SMSA study. The original and reanalyzed results are compared to reassess the association between cancer and asbestos. The only change in the regression procedures of the original studies was the addition of population density as an independent variable in the reanalysis. The results of the reanalysis showed that population density had little effect on the results of the second study. Slightly more significance was found for asbestos regression coefficients in the reanalysis, including population density, than in the original analysis. These regression coefficients for asbestos indicated a positive association between ingested chrysotile asbestos and some cancer body sites. The conclusion of the reanalysis was that population density was distributed across the San Francisco-Oakland SMSA in such a way that it had little effect on the observation of an association between ingested asbestos and cancer.
Introduction
The association between ingested chrysotile asbestos and cancer was investigated in a project entitled "Asbestos in Domestic Water Supplies in Five California Counties," which was sponsored by the U.S. Environmental Protection Agency (U.S. EPA). In that project, standard incidence ratios for cancers of various body sites were analyzed for their associations with ingested asbestos through drinking water while the covariables of socioeconomic status, marital status, and asbestos-related industries were controlled. The study area was the San Francisco-Oakland Standard Metropolitan Statistical Area (SMSA) and the unit of observation was the census tract. Questions have been raised concerning the validity of the results of that work because population density of the SMSA and census tracts were not considered in the analysis. The present work in-*Group in Biostatistics, 140 Earl Warren Hall, University of California at Berkeley, Berkeley, CA 94720. cludes population density in a reanalysis of the data accumulated under the U.S. EPA-Sponsored project.
Two studies emerged from the research on asbestos and cancer in the San Francisco-Oakland SMSA. Cancer incidence between 1969 and 1971 was analyzed in the initial study and has been reported by Kanarek et al. (1) . A second study of cancer incidence between 1969 and 1974 was carried out and published by Conforti et al. (2) . The present work is a reanalysis of the 6-yr data base (1969) (1970) (1971) (1972) (1973) (1974) to determine the effect of population density on the observation of an association between ingested asbestos and cancer.
Methodology
Population density data ( 20000-21000 21000-22000 22000-23000 23000-24000 24000-25000 25000-26000 26000-27000 27000-28000 28000-29000 29000-30000 30000-31000 31000-32000 32000-33000 33000-34000 34000-35000 35000-36000 36000-37000 37000-38000 38000-39000 39000-40000 20000-21000 21000-22000 22000-23000 23000-24000 24000-25000 25000-26000 26000-27000 27000-28000 28000-29000 29000-30000 30000-31000 31000-32000 32000-33000 33000-34000 34000-35000 35000-36000 36000-37000 37000-38000 38000-39000 39000-40000 Site No. 1 (all sites) most of the digestive and digestive-related cancers, respiratory and breast cancers. Site Nos. 1, 2, and 3 showed significant negative population density regression coefficients. This corresponds to the highly significant negative correlation coefficients for these sites.
Finally, Table 13 presents a comparison between the regression results of the original study and the reanalysis. The table shows cancer sites with significant (p < 0.05) positive asbestos regression coefficients in either study. The cancer sites that were found to have significant positive regression coefficients in the original study were essentially the same ones found to be significant in the reanalysis. For males, the significant sites were the same in both analyses. For females, two extra sites were found in the reanalysis that were not significant in the original study. These were Site Nos. 3 (digestive tract) and 8 (rectum). For males, the levels of significance were almost identical between analyses. The presence of population density in the reanalysis appeared to slightly decrease the levels of significance of the asbestos coefficients in the equations for these sites. For females, the coefficients were generally more significant with population density included in the analysis. In particular, Site Nos. 1 and 2 were much more significant in the reanalysis than in the original analysis.
Conclusions
The inclusion of population density in the analysis of ingested asbestos and cancer had little effect on the results. Therefore, the conclusion is nately, this does not allow identifying the exact location of the association of ingested asbestos and cancer in the body. These findings in no way lend themselves to the interpretation regarding the possible regulation of asbestos in drinking water. Only research of the direct method design would allow for such conclusions. The recommendations from this research is that more investigation of a direct nature be done regarding digestive cancers and ingested asbestos. The scientific community will then be better equipped to answer questions about the possible regulation of asbestos in drinking water.
